Introduction {#s0001}
============

Leiomyosarcomas constitute a group of malignant mesenchymal neoplasms that originate from smooth-muscle lineage.[@cit0001] These tumors usually occur in middle-aged or older adults in any soft-tissue or visceral site of the body. Histological grade according to the Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC), tumor size and tumor depth are the three major clinicopathological factors related to survival. Wide surgical excision is the cornerstone of leiomyosarcoma treatment. The additional value of radiotherapy largely depends on location and grade of the tumor.[@cit0002] In case of advanced disease, some systemic agents have been considered active, historically doxorubicin and ifosfamide, and more recently gemcitabine-based combination, trabectedin, pazopanib and eribulin.[@cit0003] Nevertheless, overall survival for patients treated with any first-line chemotherapy is around 12--15 months, emphasizing an unmet medical need for new therapeutic targets.[@cit0004]

In this regard, the recent success of immunotherapy in many other tumor types raises the question whether such therapies, and which ones, would be applicable in sarcomas. The prognostic significance of tumor-associated macrophages (TAMs) has been extensively investigated in epithelial malignancies, but only few studies focused on sarcomas.[@cit0005] TAMs constitute a heterogeneous population of myeloid cells in tumor microenvironment and the concept of classical M1- and alternative M2-polarization represents two extremes of a spectrum of functional states.[@cit0009] To date, some agents targeting TAMs have already been successfully tested in a clinical setting, notably a small-molecule CCR2 inhibitor in pancreatic cancers and CSF-1R blockade in tenosynovial giant-cell tumors.[@cit0010]

Another recent concept is to link genomics to immunotherapeutic approaches.[@cit0014] Leiomyosarcoma is known for its genomic complexity, therefore with a supposed high mutational burden. In epithelial malignancies, this high mutational load, as well as the presence of a spontaneous anti-tumor immune reaction prior to treatment, have been associated with predicting better response to immune checkpoint inhibitors.[@cit0015]^,^[@cit0016] So far, pre-clinical studies investigating the prevalence and the predictive value of immune markers such as T-cell infiltrate or PD-1/PD-L1 expression in soft tissue sarcoma were performed including several histological subtypes, which makes it difficult to draw firm conclusions about one specific histological subtype.[@cit0017]

In this study, we evaluated the macrophage population, the HLA class I status, the PD-L1/PD-L2 expression and the degree of tumor-infiltrating lymphocytes (TILs) on a large series of leiomyosarcomas by using immunohistochemistry. Association of these immune markers with clinicopathological factors was assessed, as well as the effect of leiomyosarcoma cells on monocyte-to-macrophage differentiation *in vitro*.

Results {#s0002}
=======

Leiomyosarcoma-infiltrating macrophages exhibit M2-phenotype and correlate with decreased patient survival {#s0002-0001}
----------------------------------------------------------------------------------------------------------

First we used a selected subset of 21 leiomyosarcomas, including different tumor grade and location, to characterize the macrophage population. By using a combination of immunofluorescent stainings (CD14-HLA-DRα and CD14-CD163-CD40), CD163-positive macrophages were shown to be the major population in leiomyosarcoma as almost all of the CD14-positive cells also exhibited CD163 positivity, a marker for alternatively activated and immunosuppressive M2 macrophages (Supplementary Figure 1). Based on this finding, CD163 immunohistochemistry was performed in a cohort of 100 LMS tumors from 87 patients and 7 benign uterine leiomyomas. Patient demographics and relevant clinicopathological characteristics are described in [Table 1](#t0001){ref-type="table"}. Overall, 61 of 100 leiomyosarcomas were highly infiltrated (\>20%) with CD163-positive cells ([Fig. 1A, B](#f0001){ref-type="fig"}), and this proportion was found quite similar between primary tumors (48 of 75) and relapses or metastases (13 of 25) (*p* = 0.29). For nine patients, material from primary tumor and the corresponding relapse/metastasis was available. Globally, the same pattern of CD163 infiltrate was observed between the associated lesions ([Fig. 1C](#f0001){ref-type="fig"}). Spatial distribution of the macrophages was found homogeneous within the tumors. Infiltration of CD163-positive macrophages was significantly higher in tumors with higher FNCLCC histological grade ([Fig. 1D](#f0001){ref-type="fig"} and [Table 2](#t0002){ref-type="table"}; *p* \< 0.0001). Notably, the seven leiomyomas included in our series were all poorly infiltrated with CD163-positive cells. Figure 1.CD163 infiltrate in leiomyosarcoma. Representative images of primary leiomyosarcoma with low CD163 infiltrate (≤ 20%) (A) and high CD163 infiltrate (\>20%) (B) using immunohistochemistry (scale bars 50 μm). The same pattern of CD163 infiltration was observed in the primary tumor and in the associated relapse/metastasis (C). Overall, 60% of leiomyosarcomas were highly infiltrated with CD163-positive cells, which strongly correlated with tumor grade (D). CD14-positive cells were differentiated for 6 days with GM-CSF or M-CSF as controls for M1 and M2 phenotype, respectively, and with leiomyosarcoma cells (LMS04, LMS05) using transwell or their conditioned media (CM). Expression of the surface marker CD163 (M2) on differentiated CD14-positive cells was analyzed by flow cytometry (E). Bars indicate relative geometric mean fluorescence intensity (MFI) ± standard error of mean (SEM) of three independent healthy donors, normalized to the M-CSF condition. Nonparametric Mann-Whitney test or the Kruskal-Wallis test followed by Dunn\'s post-test were used to compare differences between conditions. \**p*\< 0.05. M-CSF measurement using a Luminex assay on LMS04 and LMS05 conditioned media (F). Results are expressed in pg/ml (n = 2). Table 1.Demographic and clinicopathological characteristics. n (%)Age at diagnosis (median, range)58 (21--94)Gender   Male42 (40)  Female65 (60)Histology   Leiomyosarcoma100 (93)  Leiomyoma7 (7)Leiomyosarcoma characteristics (n = 100) Tumor type   Primary tumor75 (75)  Relapse6 (6)  Metastasis19 (19)Tumor location   Gynecologic tract6 (6)  Extremities49 (49)  Retroperitoneum/abdomen33 (33)  Others12 (12)Tumor size   \<10 cm68 (68)  ≥1028 (28)  Unknown4 (4)Histologic grade   113 (13)  230 (30)  345 (45)  Unknown or not applicable12 (12)Margins   Negative83 (83)  Positive14 (14)  Unknown3 (3)Neoadjuvant treatment   None89 (89)  Yes11 (11)Adjuvant treatment   None65 (65)  Yes35 (35) Table 2.Clinicopathological characteristics based on CD163, CD3 and PD-L1 expression. CD163 infiltrate n (%)CD3 infiltrate n (%)PD-L1 expression n (%) low ≤20% (n = 56)high \>20% (n = 61)*p*low ≤5 cells/HPF (n = 50)high \>5 cells/HPF (n = 55)*p*\<1% (n = 74)1--50% (n = 20)≥50% (n = 12)*p*Age            \<60 years26 (47)29 (53)0.3629 (55)24 (45)0.1441 (76)8 (15)5 (9)0.17  ≥60 years20 (38.5)32 (61.5) 21 (40)31 (60) 33 (63.5)12 (23)7 (13.5) Gender            Male16 (38)26 (62)0.4215 (37.5)25 (62.5)0,126 (63.5)10 (24.5)5 (12)0.30  Female30 (46)35 (54) 35 (54)30 (46) 48 (74)10 (15)7 (11) Tumor type            Primary34 (41.5)48 (58.5)0.6536 (45)44 (55)0.4453 (65.5)17 (21)11 (13.5)0.09  Relapse4 (67)2 (33) 5 (83)1 (17) 6 (100)0 (0)0 (0)   Metastasis8 (42)11 (58) 9 (47)10 (53) 15 (79)3 (16)1 (5) Tumor grade            Leiomyoma7 (100)0 (0)**\<0.0001**6 (86)1 (14)**0.036**7 (100)0 (0)0 (0)**0.005**  19 (69)4 (31) 11 (92)1 (8) 12 (92)1 (8)0 (0)   213 (43)17 (57) 8 (28)21 (72) 19 (66)7 (24)3 (10)   311 (24)34 (76) 20 (44)25 (56) 26 (58)11 (24)8 (18) Tumor size            \<10 cm35 (47)39 (53)0.3934 (47)38 (53)0.4852 (71)13 (18)8 (11)0.78  ≥10 cm11 (38)18 (62) 16 (55)13 (45) 20 (69)5 (17)4 (14) 

To evaluate the clinical relevance of these M2 tumor-associated macrophages in leiomyosarcoma, we performed Kaplan-Meier survival analyses of patients with primary tumors (n = 75). CD163-infiltrate significantly correlated with overall patient survival and disease-specific survival (log rank; *p* = 0.003 and 0.041 respectively) but not to disease-free survival (log rank; *p* = 0.46) ([Fig. 2A-C](#f0002){ref-type="fig"}). In a multivariate Cox regression model including age, gender and histological grade, CD163-infiltrate was confirmed to be an independent prognostic factor for overall survival (HR = 2,85 (1.03--7.93) *p* = 0,045). Figure 2.Prognostic significance of CD163, CD3 and PD-L1 in leiomyosarcoma. Kaplan-Meier survival curves for overall survival (A, D, G), disease-specific survival (B, E, H) and disease-free survival (C, F, I) according to CD163 infiltration (low n = 27; high n = 48), CD3 infiltration (low n = 30; high n = 43) and PD-L1 expression (negative n = 46; positive n = 28) in primary leiomyosarcomas. A high CD163 infiltrate (\> 20%) is associated with poor overall and disease specific survival. *P*-value obtained by log-rank test.

Factors secreted by leiomyosarcoma cells drive macrophages toward the M2-polarization status {#s0002-0002}
--------------------------------------------------------------------------------------------

To explore the effect of leiomyosarcoma cells on monocyte-to-macrophage differentiation, we cultured freshly isolated monocytes from healthy donors (n = 3) with two leiomyosarcoma cell lines LMS04 and LMS05 (0.4 µm transwell coculture) or with their conditioned media. Macrophage markers were analyzed by flow cytometry after six days and compared to GM-CSF and M-CSF-differentiated macrophages used as control for M1 and M2 phenotype, respectively. In the presence of either leiomyosarcoma cell lines or their conditioned media, the M2 macrophage marker CD163 was upregulated and comparable to the phenotype seen on M-CSF-differentiated macrophages ([Fig. 1E](#f0001){ref-type="fig"}). In addition, CD86 was upregulated by M-CSF in comparison with GM-CSF and was also upregulated by the LMS cells lines (Supplementary Figure 2). We also observed a strong expression of the activation marker CD40 on GM-CSF-differentiated macrophages but not with supernatant of the LMS cell lines. Expression of CD14 and HLA-DR were strongly induced by the LMS cells (Supplementary Figure 2). Together, this indicates that LMS cells induce a M2 phenotype, as rather than M1. To assess potential soluble factors capable of inducing M2 differentiation, Luminex assay was used to evaluate the possible secretion of h-M-CSF and h-IL-34 by LMS cells. M-CSF was detected between 22 and 47 pg/ml on LMS conditioned media ([Fig. 1F](#f0001){ref-type="fig"}) while IL-34 was not detected.

HLA class I is upregulated in leiomyosarcoma {#s0002-0003}
--------------------------------------------

As surface HLA class I expression is an important determinant for CD8 T-cell recognition, we assessed its expression by immunohistochemistry on the total cohort of 100 leiomyosarcomas and seven leiomyomas, using the antibodies HCA2 (HLA-A), HC10 (HLA-B/C) and β2-microglobulin. Staining patterns on smooth muscle cells from blood vessels within the tumor tissue blocks and on uterus were also assessed and representative images of these stainings are shown in [Fig. 3](#f0003){ref-type="fig"}. We observed a completely negative or very weak expression of HLA class I on normal smooth muscle cells from blood vessels and only HLA-B/C expression was detected on uterine smooth muscle cells (not shown). In the seven benign leiomyomas, the staining pattern was quite similar with heterogeneous expression of β2-microglobulin and HLA-B/C, associated with absent HLA-A. Interestingly, on 98 evaluable leiomyosarcomas, positive (n = 35) or heterogeneous (n = 57) expression of β2-microglobulin was found in almost all tumors, with absent or weak expression in only six patients, including two primary tumors, two local relapses and two metastases of different patients. Positive and diffuse expression (n = 40) or heterogeneous expression (n = 47) of HLA-A was detected in 97 evaluable leiomyosarcomas. The same pattern was observed with HLA-B/C expression, which was strongly positive (n = 50) or heterogeneous (n = 41) in 95 evaluable tumors. Notably, in tumours with heterogeneous HLA expression, we observed a frequent spatial colocalization between HLA expression on tumor cells and presence of T cells. Low expression of both HLA-A and HLA-B/C markers was found in only three leiomyosarcomas, of which two primary tumors and one relapse, and associated with low or heterogeneous expression of β2-microglobulin. Figure 3.HLA class I expression in leiomyosarcoma. Representative staining patterns of β2-microglobulin, HLA-A (HCA2 antibody) and HLA-B/C (HC10 antibody) expression in smooth muscle cells from blood vessel, leiomyoma and leiomyosarcoma using immunohistochemistry. In general, basal low HLA class I expression was found on normal smooth muscle cells while frequently heterogeneous or strongly positive expression was seen in leiomyosarcomas, suggesting that HLA class I is upregulated in the majority of these tumors. Scale bars, 50 μm.

Altogether, considering the basal low HLA class I expression on normal smooth muscle cells and the frequently heterogeneous or strongly positive expression on leiomyosarcomas, this suggests that HLA class I is upregulated in the majority of these tumors.

Increased PD-L1 expression and T-cell infiltration in high-grade leiomyosarcoma {#s0002-0004}
-------------------------------------------------------------------------------

PD-L1 expression and the presence of tumor-infiltrating T cells were evaluated using immunohistochemistry on the entire tumor series using whole sections. Representative images of these stainings are shown in [Fig. 4](#f0004){ref-type="fig"}. Overall, 32/106 evaluable tumors (30%) had positive membranous PD-L1 expression, observed on ≥1% of tumor cells and/or immune cells. Interestingly, PD-L1 expression was specifically detected in grade 2 (n = 10, 34%) and grade 3 (n = 19, 42%) leiomyosarcomas, as only one grade 1 tumor (8%) was found positive and all leiomyomas were PD-L1 negative (*p* = 0.005) ([Table 2](#t0002){ref-type="table"}). High T-cell infiltration (\>5 CD3^+^cells/HPF) was observed in 55/105 tumors (52%), mainly grade 2 (72%) and grade 3 (56%) leiomyosarcomas (*p* = 0.036). Only one grade 1 leiomyosarcoma (8%) and one leiomyoma (14%) were infiltrated by T cells. PD-L1 positivity and high T-cell infiltration were strongly correlated (*p* \< 0.0001). Neither PD-L1 expression nor T-cell infiltrate correlated with age, gender, tumor size, tumor type (primary, relapse, metastasis) or patient survival, as detailed in [Table 2](#t0002){ref-type="table"} and [Figure 2](#f0002){ref-type="fig"}. Tumors were categorized according to the Tumor Immunity in MicroEnvironment (TIME) classification, as it helps to characterize the tumor immune response and to predict response to anti PD-1 therapy.[@cit0021] When combining both immune markers in the TIME classification, we identified 39 tumors with the T1 subtype (PD-L1^−^, TIL^−^), 23 with the T2 subtype (PD-L1^+^, TIL^+^), 25 with the T3 subtype (PD-L1^−^, TIL^+^) and six tumors with the T4 subtype (PD-L1^+^, TIL^−^). This classification also correlated with tumor grade (*p* = 0.004), as shown in [Fig. 4](#f0004){ref-type="fig"}. Figure 4.Tumor-infiltrating lymphocytes and PD-L1 expression in leiomyosarcoma categorized with the TIME classification. Representative images for PD-L1 and CD3 immunostaining in leiomyosarcoma patients. Scale bars, 50 μm. According to the TIME classification, 39 tumors exhibited the T1 subtype (TILs^−^, PD-L1^−^), 23 the T2 subtype (PD-L1^+^, TIL^+^), 25 the T3 subtype (PD-L1^−^, TIL^+^) and 6 the T4 subtype (PD-L1^+^, TIL^−^). Distribution of tumor grades within each subtype is represented by a bar chart.

Frequent PD-L1 expression was noticed after neoadjuvant treatment, mainly radiotherapy, (6/10 evaluable tumors; 60%) compared to patients who had surgery first (26/96 tumors; 27%, *p* = 0,031). In order to better characterize the changes in the immune microenvironment after neoadjuvant radiotherapy, PD-L1 as well as CD3 and CD163 expression, were assessed by IHC on an independent cohort of seven leiomyosarcoma patients with pre- (biopsies) and post-radiation (resection) material collected. Eleven of the 13 tumors available were highly infiltrated by CD163-positive cells (five biopsies and six resections). CD3^+^ TILs were observed in four resection samples but in only 1 biopsy. There was no significant change regarding PD-L1 expression between biopsies (one PD-L1 positive) and post-radiation resections (two PD-L1 positive) (Supplementary Table 2).

PD-L2 is co-expressed in some PD-L1 positive leiomyosarcomas {#s0002-0005}
------------------------------------------------------------

As PD-L2 expression was reported on some tumor cells and immune cells, notably macrophages, we assessed its expression in 35 tumors from this series, selected according to their PD-L1 status and macrophage infiltrate. PD-L2 positivity was found on 10 of these 35 tumors, on both tumor cells and immune cells (8/9 tumors PD-L1^+^CD163^+^, 1/5 tumor PD-L1^+^CD163^−^, 1/8 tumor PD-L1^−^CD163^+^ and none of the 13 tumors PD-L1^−^CD163^−^). Surprisingly, nine tumors with PD-L2 expression were also PD-L1 positive, with a frequent colocalization (Supplementary Figure 3A,B). This co-expression PD-L1/PD-L2 was also observed on alveolar macrophages surrounding lung metastatic lesions (Supplementary Figure 3C ,D).

Discussion {#s0003}
==========

Comprehensive assessment of the immune microenvironment for each sarcoma subtype is an important prerequisite for developing tumor type specific immunotherapeutic strategies. Macrophages are among the most abundant immune cells recruited in the tumor microenvironment and are present at all stages of tumor progression.[@cit0022] Using a combination of different macrophage markers by immunofluorescence, CD163-positive cells were identified as the major population in leiomyosarcomas. As CD163 is a well-recognized marker for M2-type macrophages, it reflects the predominance of tumor-promoting macrophages in these tumors, indicative of an immunosuppressive microenvironment.[@cit0023] Overall, around 60% of leiomyosarcomas were highly infiltrated with CD163 positive TAMs, which was strongly correlated with increased histological grade and was found to be an independent poor prognostic factor for overall survival. Using gene expression profiling follow by immunohistochemistry on tissue microarrays, the prognostic significance of CD68- and CD163-positive TAMs has been previously reported in nongynecologic leiomyosarcoma patients, which was independent of the histological grade.[@cit0008] Therefore, the current series, for which we used immunofluorescent staining for combined macrophage markers in a pilot series followed by CD163 immunohistochemistry on whole tumor sections, can be seen as an independent validation of the previous published results. While TAMs have been associated with increased metastatic potential, there was no correlation between TAMs and disease-free survival in both cohorts.[@cit0024] As opposed to carcinomas, we have previously shown a favorable prognostic effect of TAMs in osteosarcoma, suggesting that tumor immunology may be different amongst the different sarcoma types.[@cit0006]^,^[@cit0025]

The phenotype of macrophages observed *in vitro* after coculture with leiomyosarcoma cells appeared more similar to that of M-CSF-generated macrophages (M2) than GM-CSF-generated macrophages (M1), which is in line with the immunohistochemical findings in leiomyosarcoma patients. The same M-CSF-like phenotype was observed with conditioned media from tumor cells, and is therefore most likely related to leiomyosarcoma cell-secreted factors. M-CSF receptor (also known as CSF1-R) is expressed on macrophages and has been shown to polarize macrophages toward the alternative and immunosuppressive M2 phenotype.[@cit0026] Notably, a paracrine loop involving M-CSF secreted by tumor cells and TAMs has been described in mammary tumors.[@cit0027] Recently, IL-34 has been shown to induce the differentiation of human monocytes into immunosuppressive macrophages, also via M-CSF receptor.[@cit0028]^,^[@cit0029] In this study, M-CSF was detected in LMS conditioned media and might be partly responsible for the macrophage polarisation in leiomyosarcoma. IL-34 was not detected but its expression is usually very low and therefore our assay might be not sensitive enough. Preclinical data already identified an M-CSF signature in a subset of leiomyosarcomas, both gynecologic and nongynecologic, associated with poor prognosis.[@cit0030] Moreover, M-CSF blockade strategy successfully translated into clinical objective responses in tenosynovial giant-cell tumors and is currently being tested in various solid malignancies.[@cit0012]^,^[@cit0013] Based on our study, 57% of the grade 2 and 76% of the grade 3 LMS might benefit from such macrophage-targeted agents.

Another successful antitumor approach in epithelial malignancies is the T cell-based immunotherapy, notably with immune checkpoint inhibitors, which has transformed the prognosis of patients with selected advanced cancers.[@cit0031] The search for potential application in sarcoma patients with advanced disease is currently very active considering the often poor responsiveness to radio- and chemotherapy. HLA-A and HLA-B both are antigen-presenting molecules and required for T-cell based immunotherapies. It is known that HLA class I expression is low or negative on normal smooth muscle cells and upregulated in inflammatory conditions such as myositis but so far, there was no data regarding HLA expression in LMS.[@cit0032] Our study demonstrates for the first time that HLA class I molecules are heterogeneously or strongly upregulated in LMS compared to normal smooth muscle cells and leiomyomas. While loss or down-regulation of HLA molecules is a common mechanism deployed by tumour cells to escape immune surveillance, our data indicate that this mechanism is not present in LMS and that T cells can globally recognize LMS cells. Furthermore, half of the tumors, especially those of high histological grade, were highly infiltrated with T cells, reflecting an active host immune response. However, PD-L1 expression, reflecting an immune escape mechanism, was observed in 30% of tumors, which also significantly correlated with higher histological grade and high T-cell infiltration. Previous studies have reported PD-L1 expression in soft-tissue sarcoma series, including few LMS with a variable PD-L1 expression (between 11 and 70% of positive cases).[@cit0017] Such discrepancies are explained by the small numbers of cases, the use of different PD-L1 antibodies and different scoring systems. In addition, some groups worked on tissue-microarrays and others on whole sections. Efforts to standardize the PD-L1 immunostaining have been done in epithelial malignancies and are also essential for sarcoma. While PD-L1 was more frequently expressed in our cohort after neoadjuvant treatment, this observation was not confirmed in an independent cohort, which highlighted an increased number of TILs after radiation. Larger patient series are needed before any conclusions on the effect of neoadjuvant therapy in immune microenvironment can be drawn in leiomyosarcoma. Prevalence of TILs or PD-L1 expression have been associated with survival outcome in several malignancies but were not significant in our LMS series, in accordance with a previous study in soft-tissue sarcomas.[@cit0018]^,^[@cit0033]^,^[@cit0034] In the literature, this anti-tumor immune reaction prior to treatment has been associated with better response to immune checkpoint inhibitors and clearly warrants further investigation as predictive biomarker in sarcoma, as recently highlighted by Budczies *et al* in high-grade soft-tissue sarcomas.[@cit0016]^,^[@cit0035]

Recent data from the multicenter phase II study of pembrolizumab in patients with advanced soft-tissue and bone sarcomas (SARC028, NCT02301039), were disappointing.[@cit0036] However, data from translational research conducted in this clinical trial suggested the predictive value of PD-L1 expression, which correlated with T-cell infiltrate. While nivolumab also failed to demonstrated antitumor activity in metastatic uterine LMS (NCT02428192), a mixed partial response/stable disease was obtained in three metastatic LMS with the same anti PD-1 agent.[@cit0037]^,^[@cit0038] Furthermore, a successful treatment of refractory and metastatic PD-L1 positive LMS has been recently reported.[@cit0039] It highlights the potential efficacy of such agents in selected advanced LMS and the challenge of identifying predictive biomarkers. Among possible biomarkers, the immune profile of the tumor or immunoscore, i.e. the recent TIME classification, seems to be a good candidate as tumors with a T2 subtype (PD-L1^+^, TILs^+^) are likely to be sensitive to immunotherapeutic strategies. In this series, around 25% of tumors exhibited the T2 subtype, which represents an important proportion of patients predicted to respond to immune checkpoint inhibitors. We have learnt from melanoma studies that combination of CTLA-4 and PD-1 inhibitors was more efficacious than the respective monotherapies.[@cit0040] Actually, two clinical trials assessing efficacy and safety of combined immune checkpoint inhibitors in sarcoma are ongoing (NCT03138161 and NCT02428192). Of note, the T2 phenotype was observed in high grade LMS (\>95%) but most of these tumors (88%) were also highly infiltrated with immunosuppressive TAMs, which may limit the anti PD-1 efficacy.[@cit0041] Therefore, based on our findings and the current literature, we can speculate that the combined or sequential use of macrophage-targeting agents may be an effective therapeutic approach to reduce the immunosuppressive microenvironment and to enhance the efficacy of PD-1 inhibition in patients with high-grade LMS with a T2 subtype. For the other TIME subtypes, other combination strategies have to be developed in order to generate an inflammatory microenvironment (T1 and T4 subtypes) or to break an existing T-cell tolerance (T3 subtype).[@cit0021]

Conclusion {#s0004}
==========

The presence and clinical significance of M2 macrophages, possibly induced by LMS cell-secreted factors, suggest that two-thirds of high-grade LMS patients might benefit from macrophage-targeting agents. Furthermore, PD-L1 expression together with high T-cell infiltrate and HLA class I expression in around 30% of high grade LMS reflects an active immune microenvironment potentially responsive to immune checkpoint inhibitors. Selection of sarcoma patients according to their tumor immune microenvironment seems of major interest to develop immunotherapeutic strategies, as single agents or in combination.

Materials and methods {#s0005}
=====================

Patient material {#s0005-0001}
----------------

Formalin-fixed, paraffin-embedded material from the archives of the Pathology department of the Leiden University Medical Center (LUMC) was collected for this study. Primary tumors (n = 75), local relapses (n = 6) and metastases (n = 19) of 87 leiomyosarcoma patients were included, as well as benign uterine leiomyomas (n = 7). For nine leiomyosarcoma patients, material from both primary tumor and matched local relapse or metastasis was available.

We used whole sections to assess density, location and type of immune infiltrate. Diagnoses and histological grade according to FNCLCC were confirmed by an experienced bone and soft-tissue tumor pathologist (J.V.M.G.B.) according to the 2013 World Health Organization classification.[@cit0042] All the specimens were coded and handled according to the ethical guidelines described in the Code for Proper Secondary Use of Human Tissue in the Netherlands of the Dutch Federation of Medical Scientific Societies as reviewed and approved by the LUMC ethical board (B17.018).

A separate small independent sample set consisting of material from pre- and post-radiation treatment of seven leiomyosarcoma patients treated at the Netherlands Cancer Institute was also collected in order to assess the effect of radiation on immune microenvironment (reviewed and approved by the NKI Institutional Review Board (CFMPB470)).

Immunohistochemical analyses {#s0005-0002}
----------------------------

Four μm sections were deparaffinized with xylene and rehydrated in graded concentrations of ethanol. Endogenous peroxidase was blocked in 0.3% H~2~O~2~ solution (except for immunofluorescent procedure) and microwave antigen retrieval was performed in Tris-EDTA pH 9.0 or Citrate pH 6.0 according to the antibody, as described in Supplementary Table 1. To define macrophage polarization, we used a CD163 staining, a well-known marker of alternatively activated and immunosuppressive M2 macrophages.[@cit0043] According to standard laboratory methods, primary antibodies were diluted in PBS/bovine serum albumin 1% and incubated overnight at 4°C. Anonymized tonsils were used as positive controls and primary antibodies were omitted for the negative controls. Stainings of normal smooth muscle cells were assessed on blood vessels from the same tumor tissue blocks and on anonymized uterus material.

For immunohistochemistry, antibodies were detected using poly-HRP (ImmunoLogic), visualized with a DAB+ substrate chromogen system (Dako) and slides were counterstained with hematoxylin, dehydrated and mounted using CV Mount (Leica Microsystems). Whole sections were evaluated independently by two observers (M.K. and A.C. or J.V.M.G.B.) blinded to clinicopathological data, and tumors were categorized with low or high macrophage-infiltrate using the cut-off of \>20% CD163-positive cells, and low or high T-cell infiltrate using the cut-off of \>5 CD3^+^cells/HPF with the average of five randomly chosen HPFs.[@cit0044]^,^[@cit0045] HLA class I expression (HCA2, HC10 and β2-microglobulin staining) was categorized as negative/focal weak, heterogeneous or positive, as previously detailed.[@cit0046] PD-L1 and PD-L2 positivity was defined as ≥1% of tumor cells or immune cells showing a membranous PD-L1 staining of any intensity.[@cit0047]

For immunofluorescence, isotype-specific secondary antibodies labelled with Alexa fluorochromes (Life Technologies) were added during 1 h at room temperature and the slides were mounted using Vectashield mounting medium containing DAPI (Vector Laboratories). Five randomly selected representative images were then acquired at 250x magnification using a confocal scanning microscope (LMS700, Zeiss) in a multitrack setting with a 25x/0.80 Plan-Neofluoar objective.

*In vitro* cell culture {#s0005-0003}
-----------------------

The leiomyosarcoma cell lines LMS04 and LMS05 (kindly provided by J.A. Fletcher, Brigham and Women\'s Hospital, Harvard Medical School, Boston, USA) were cultured in RPMI-1640 (Gibco, Invitrogen Life Technologies) supplemented with 10% heat-inactived Fetal Calf Serum (Gibco, Invitrogen Life Technologies) at 37°C in a humidified incubator (5% CO2). Mycoplasma test were performed on a regular basis and authentication of cell lines was confirmed using short tandem repeat (STR) typing (GenePrint 10 system, Promega). For experiments with conditioned media, cell culture medium was changed to serum-free medium at 90% confluence and tumor cells were kept in culture for 24 h. Conditioned medium was collected, filtered through a 0.2 µm syringe (GE Healthcare Life Sciences) and used directly at a 20% concentration in cell culture medium or frozen for cytokine analysis.

Peripheral blood mononuclear cells (PBMCs) from three different blood donor buffy coats (Sanquin Blood bank, Region Southwest, Rotterdam, the Netherlands) were obtained by centrifugation over Ficoll gradient. CD14-positive monocytes were isolated from PBMCs by positive selection using anti-CD14 MicroBeads on a LS MACS column (Miltenyi Biotech). Monocyte-to-macrophage differentiation was induced by culturing monocytes (1 × 10^6^cells/mL) for 6 days in RPMI-1640 supplemented with 10% FCS and 80 ng/mL GM-CSF (Peprotech) to polarize macrophages towards the M1 phenotype, or 20 ng/mL M-CSF (R&D Systems) to polarize macrophages towards the M2 phenotype, as previously reported.[@cit0048] To assess the effect of leiomyosarcoma cells on monocyte-to-macrophage differentiation, 1 × 10^6^ freshly isolated monocytes were cocultured for 6 days in 24-well plates with either 1 × 10^4^ LMS04 or 2,5 × 10^4^ LMS05 cells in 0.4 µm Falcon® cell culture inserts (Corning Life Sciences) or with their conditioned media.

Flow cytometry {#s0005-0004}
--------------

After 6 days, macrophages were detached by incubation in Accutase (Sigma-Aldrich) at 37°C during 30 minutes and stained for cell surface markers. Antibodies used were anti-CD1 a-APC, CD45-PE-Cy5.5, CD14-PE-Cy7, CD163-PE, HLA-DR-V500, CD86-FITC and CD40-APC-H7 (Supplementary Table 1). Data were acquired on a LSR II flow cytometer and analyzed using Kaluza FACS software (Beckman Coulter Life Sciences).

Cytokine analysis {#s0005-0005}
-----------------

Conditioned media from LMS cell lines LMS04 and LMS05 were used for quantification of h-M-CSF and h-IL-34 by Luminex according to the manufacturer\'s instructions (Bio-Rad Laboratories).

Statistics {#s0005-0006}
----------

Statistical analyses were performed using SPSS software version 23.0 (IBM Corporation) and graphs were constructed using GraphPad Prism software version 6. Correlation between immunohistochemical data and clinicopathological variables was analyzed using Spearman\'s rank correlation coefficient. A log-rank test was used for assessing CD163, CD3 and PD-L1 from primary tumors in relation to patient survival, then a multivariate Cox regression model including age, gender, grade and CD163-infiltrate. Nonparametric Mann-Whitney test or the Kruskal-Wallis test followed by Dunn\'s post-test were used to compare differences between *in vitro* conditions. P-value \< 0.05 was considered to be statistically significant.
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[^1]: Supplemental data for this article can be accessed on the [publisher\'s website.](http://www.tandfonline.com/koni)
